Neutrophil peptides, also called defensins, are antimicrobial molecules localized in the azurophil granules of neutrophils. We used a sensitive radioimmunoassay to measure the concentrations of human neutrophil peptides (HNPs) 1 -3 in the plasma and blood of 86 healthy volunteers who served as controls and 54 patients with various infections. The respective mean plasma concentrations of HNPs 1 -3 in the patients at the onset of bacterial infection, nonbacterial infection, and pulmonary tuberculosis were 4.2, 3.2, and 1.8 times the mean value ({ SE) for the controls (254.8 { 7.1 pg/mL). Plasma concentrations of HNPs 1 -3 for the patients were correlated with the peripheral blood neutrophil counts (correlation coefficient Å 0.629; P Å .0001). The mean concentration ({ SE) of blood HNPs 1 -3 in patients with bacterial infections was higher than the mean value ({ SE) for controls (10.4 { 0.6 ng/mL), whereas the mean concentration ({ SE) in patients with nonbacterial infections or tuberculosis did not differ from that for controls. Reverse-phase high performance liquid chromatography of plasma samples from patients with bacterial infections showed high concentrations of two precursors of HNPs 1 -3, indicating that the biosynthesis of HNPs in neutrophil precursor cells is stimulated in response to infection and/or that the release of pro-HNPs is enhanced. HNPs 1 -3 concentrations in the pleural fluid, bronchoalveolar lavage fluid, urine, and cerebrospinal fluid were also elevated in patients with infections. Our results suggest that HNPs have physiological significance in infection and that this family of peptides may be useful in assessing neutrophil function during infection.
Neutrophils are the major components in the human host's organisms including gram-positive and gram-negative bacteria, mycobacteria, Treponema pallidum, fungi, and certain envedefense against microbial infection. These cells kill engulfed microorganisms by means of oxidative and nonoxidative miloped viruses by forming ion channels in the membranes of these organisms [3, 5, 6 ]. HNP-4, which has only a 32% amino crobicidal mechanisms. Various neutrophil agents are involved in the nonoxidative microbicidal activity; these agents include acid sequence homology with HNPs 1 -3, shows anticorticotropin activity and is less potent than HNPs 1 -3 [7, 8] . neutrophil peptides (NPs), lysozyme, elastase, myeloperoxidase, and cathepsin G in the primary (azurophil) granules, as well as lactoferrin, lysozyme, and collagenase in secondary See editorial response by Lehrer on pages 1141 -2. (specific) granules. NPs, also called defensins, are the most abundant antimicrobial agents in neutrophils, constituting
We developed a sensitive, specific radioimmunoassay (RIA) 30% -50% of the protein contents of human azurophil granules for HNPs 1 -3 [9] . We also isolated HNPs 1 -3 and used amino and 5% -7% of the total cellular protein content in neutrophils acid sequencing and mass spectrometric analyses to identify [1, 2] . Four types of human neutrophil peptides (HNPs) are their precursors in human plasma [10] . The characteristics of present in human neutrophils: HNP-1, HNP-2, HNP-3, and
HNPs have been well defined, but the effect of infection on HNP-4. They are single-chain, arginine-rich peptides with three their concentrations in neutrophils is still not clear. We comdisulfide bonds. Both HNP-1 and HNP-3 have 30 amino acid pared the concentrations of these peptides in healthy volunteers residues and differ only in their N-terminal amino acids [3, 4] .
with those in patients with various infectious diseases in order HNP-2 is 29 amino acids long and is produced by deletion of to study the clinical implications of infection for HNP concenthe N-terminal amino acid of HNP-1, HNP-3, or both. HNPs trations in plasma, blood, and various body fluids. By using 1 -3 constitute 99% of the HNP molecules in the neutrophil reverse-phase high performance liquid chromatography (RPand function in the destruction of a large number of pathogenic HPLC) coupled with the RIA, we also showed that the plasma concentrations of the precursors of HNPs 1 -3 were elevated in bacterial infection. The other portions were placed in a hemocytometer to determine differential cell counts. Bronchoalveolar lavage fluid was collected aged 16 -90 years (mean age { SE, 55.4 { 2.7 years), and 12 patients with acute respiratory distress syndrome (ARDS) (9 as described previously [11] . In brief, the bronchoscope was wedged into one of the subsegmental bronchi of the right middle men and 3 women) aged 42 -86 years (mean age { SE, 63.2 { 6.4 years). The patients with infections were divided into lobe. An aliquot of sterile saline (50 mL) was instilled through the bronchoscope, and the fluid was immediately retrieved by groups according to the type of infection, i.e., bacterial infection, nonbacterial infection, and pulmonary tuberculosis. The gentle suction with use of a syringe. This procedure was repeated pathogens and foci of the infections are shown in tables 1 and 2. Diagnoses were based on culture or serological test results. All the patients were studied at the onset of infection, before whom concentrations of human neutrophil peptides were determined. they were given antibiotics, and 15 of these patients underwent follow-up studies after recovery. We also studied concentra- lavage fluid, urine, and CSF (table 3) .
Pseudomonas aeruginosa 4
Blood sampling. We drew blood samples from the controls
Haemophilus influenzae 2
and patients between 0700 and 0900. We also obtained samples three times. The bronchoalveolar lavage fluid was centrifuged at HNP-1, HNP(1 -75), and HNP(3 -75) were chromatographed by using the RP-HPLC system. 500g for 5 minutes, and the supernatant was analyzed for HNPs 1-3 by performing RIA. The remaining cells were counted with Statistical analysis. Data were expressed as means { SE. Differences between groups were examined with use of the a hemocytometer. CSF was obtained by lumbar puncture, and urine was obtained by voluntary urination.
Student's unpaired t-test. Differences were considered significant when the P value was õ.05. Correlation coefficients were RIA for HNPs 1-3. The concentrations of HNPs 1-3 were determined by means of RIA [9] . Because the antiserum to HNPcalculated by linear regression analysis. 1 equally recognized HNP-1, HNP-2 and HNP-3 on a molar basis, Results the RIA data were expressed as the sum of HNPs 1-3. A diluted sample or standard peptide solution (100 mL) was incubated Controls. The plasma concentrations of HNPs 1-3 in the for 24 hours with 100 mL of antiserum diluent (final dilution, controls ranged from 102.3 pg/mL to 402.7 pg/mL, with a mean 1/21,000).
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I-labeled HNP-1 solution (16,000 cpm in 100 mL) was then added, and the mixture was incubated again for 24 hours. In the next step, normal rabbit serum and gout IgG antiserum to rabbit were added, and the sample was stored for 16 hours. Bound and free ligands were separated by centrifugation. All procedures were performed at 4ЊC, and duplicate assays were made. The respective intraassay and interassay coefficients of variation were 3.5% and 8% at 50% binding. HNPs 1-3 were detectable at a low level of 22 pg, and half-maximum inhibition by the peptides was observed at 130 pg. The RIA system specifically detected HNPs 1-3 and their precursor peptides, a finding that was confirmed by RP-HPLC coupled with the RIA [9] .
Chromatographic characterization of HNP molecules. Plasma samples were collected from three patients with bacterial infections at onset of the infections and during the recovery phase. A sample of 5 -10 mL of plasma was assayed on a TSK ODS SIL 120A column (Tosoh Co. Ltd., Tokyo) by using RP-HPLC. A linear gradient of acetonitrile (CH 3 CN) from 10% to concentration ({ SE) of 254.8 { 7.1 pg/mL (figure 1), and there ( figure 3A) . Patients with nonbacterial infections and tuberculosis who had more-severe clinical manifestations, as assessed were no age-or gender-related differences (data not shown). There also was no difference in the plasma concentrations of HNPs on the basis of serum C-reactive protein (CRP) levels, chest radiographic findings, and arterial blood oxygen pressure lev-1-3 examined at 0800, 1600, and 2400 in 10 controls (data not shown). There was no correlation between the plasma concentraels, had higher plasma concentrations of HNPs 1 -3. Correlations between the plasma concentrations of HNPs 1 -3 and tions of HNPs 1-3 and the peripheral blood neutrophil counts in 25 of the controls (figure 2A). The mean whole blood concentraserum CRP levels in patients with nonbacterial or tuberculosis infections are shown in figure 4. The mean plasma concentration ({ SE) of HNPs 1-3 was 10.4 { 0.6 ng/mL (range, 5.5-14.8 ng/mL) (figure 1), and this value was not influenced by age tion of HNPs 1 -3 among patients with ARDS was extremely high (table 1) . Even when the two patients with ARDS develor gender. The concentration of HNPs 1-3 in the blood was significantly correlated with the peripheral blood neutrophil count oped transient neutropenia (neutrophil counts, 1,500/mL and 1,600/mL), their plasma concentrations of HNPs 1 -3 were as (r Å 0.766; P Å .006) (figure 2B). For the controls, the mean content ({ SE) of HNPs 1-3 per neutrophil, calculated by dividhigh as 3,560 pg/mL and 4,100 pg/mL. The mean blood concentration of HNPs 1 -3 for the 25 ing the blood concentration of HNPs 1-3 by the neutrophil count, was 3.4 { 0.2 pg. patients who were examined (15 had bacterial infections, 5 had nonbacterial infections, and 5 had pulmonary tuberculosis) also Patients with infection. The plasma concentrations of HNPs 1 -3 in the patients with bacterial infections, nonbacterial showed a good correlation with the neutrophil count (r Å 0.988; P Å .0001) (figure 3B). The mean blood concentration of HNPs infections, or pulmonary tuberculosis were significantly higher than the mean values for the controls (P õ .0001) (table 1) 1 -3 in the bacterial infection group was higher than that in the control group (P õ .001), but the mean concentrations for (figure 1). The mean plasma concentration of HNPs 1 -3 for patients with bacterial infections was significantly higher than patients with nonbacterial infections and pulmonary tuberculosis did not differ from the value for the controls (table 1). The that for patients with pulmonary tuberculosis (P õ .05), whereas the mean concentration of HNPs 1 -3 did not differ mean content ({ SE) of HNPs 1 -3 per neutrophil for each patient group did not differ significantly from that of the control significantly between patients with bacterial or nonbacterial infections. The plasma concentrations of HNPs 1 -3 in the group (table 1) . The plasma concentrations of HNPs 1 -3 at the onset of three groups of patients were correlated significantly with the peripheral blood neutrophil counts (r Å 0.629; P Å .0001) infection and during the recovery phase are shown in figure 5 There were significant correlations in both (A) (y Å 30.3x / 576.6; r Å 0.689; P Å .009) and (B) (y Å 6.5x / 408.9; r Å 0.800; P Å .021).
for 10 patients with bacterial infections and five patients with (P õ .0001). In addition, concentration of HNPs 1 -3 in bronchoalveolar lavage fluid was elevated in patients with ARDS nonbacterial infections. The plasma concentrations of HNPs 1 -3, which were elevated at the onset of bacterial infection, or diffuse panbronchiolitis associated with neutrophil-mediated lung tissue injury. The mean urine concentration of HNPs returned to the normal range after recovery. The plasma concentrations of HNPs 1 -3 in three of five patients with nonbacte-1 -3 for patients with bacterial infection was significantly higher than that for the controls (P õ .0001). The mean concenrial infections, which were slightly elevated at the onset of infection, also returned to the normal range after recovery.
tration of HNPs 1 -3 in the CSF of patients with bacterial meningitis was markedly higher than that for patients with Plasma samples obtained from three patients at the onset of bacterial infection ( figure 6A ) and during the recovery phase aseptic meningitis or those without meningitis (P õ .0001), and the mean concentration for patients with aseptic meningitis (figure 6B) were subjected to RP-HPLC to identify the immunoreactive HNP molecules. HNPs 1 -3 and their precursors, pro-HNPs, were present on both chromatograms. The ratio of these pro-HNPs to HNPs 1 -3 was 2:3 at the onset of infection and 1:3 during the recovery phase.
Concentrations of HNPs 1 -3 in body fluids. The mean concentrations ({ SE) of HNPs 1 -3 in pleural fluid, bronchoalveolar lavage fluid, urine, and CSF of the patients with infections are shown in table 3. The mean concentration of HNPs 1 -3 in pleural fluid samples from patients with empyema was markedly higher than that in transudate obtained from patients with congestive heart failure (P õ .0001). The mean concentration of HNPs 1 -3 in bronchoalveolar lavage fluid from patients with bacterial infection was markedly higher than that for patients with nonbacterial infection and for the controls / 9c3f$$no17
10-17-97 21:28:11 cida UC: CID was significantly higher (P õ .0001) than for those without Although the plasma concentration of mature HNPs 1 -3 plus pro-HNPs in patients with infections correlated with the meningitis.
peripheral blood neutrophil count, this correlation was far weaker than that for the blood concentration of HNPs 1 -3 and the peripheral blood neutrophil count. When two of our patients Discussion with ARDS developed transient neutropenia because of accumulation of neutrophils in their lungs, their plasma concentraThe cytoplasmic granules of human neutrophils store many antimicrobial components; these components include both protions of HNPs 1 -3 were markedly high. This finding means that the plasma concentration of HNPs 1 -3 is increased when teins and peptides, such as lactoferrin, bactericidal/permeability -increasing protein, serprocidins, cathelicidins, lysozyme, the tissue neutrophil mass is increased, even after the level of circulating neutrophils is decreased. These observations indicalprotectin, granulothelins and HNPs, as well as digestive enzymes [12] . HNPs 1 -3 are released into the phagosomes, cate that the assay for plasma HNPs 1 -3 reflects the level of peptides in peripheral blood neutrophils, other sources of HNPs where they contribute to the oxygen-independent cytotoxic killing of pathogenic organisms [13, 14] . This microbicidal action 1 -3 elsewhere in tissues, and pro-HNPs synthesized in the bone marrow. High concentrations of HNPs 1 -3 in the plasma, is due to the formation of numerous transmembrane channels that render the lipid bilayers of microorganisms permeable [5, blood, and other body fluids could reflect the number and activity of neutrophils at the site of infection and inflammation. 15]. The biosynthesis of HNPs 1 -3 appears first in the promyelocyte stage and is restricted to cells of neutrophil lineage CRP, which is synthesized in the liver, is an indicator of the severity and course of infection, inflammation, and tissue dam-[3, 16, 17] . HNPs initially are synthesized as 94 amino acid precursors that produce 75 and 73 amino acid pro-HNPs by age. The site and molecular regulatory mechanism of the biosynthesis of CRP differ from those of HNPs 1 -3. Although we the cleavage of signal peptides [10, 16, 18] . The majority of these two pro-HNPs was processed to 56 amino acid intermedifound that there was a significant correlation between plasma concentrations of HNPs 1 -3 and serum CRP levels in patients ates by preaspartate proteolytic cleavage in the neutrophil precursor cells then to mature HNPs in peripheral blood neutrowith infections, it is an indirect correlation.
It is noteworthy that HNPs may destroy human cells because phils [10] . Some portions of the pro-HNPs are secreted from the neutrophil precursor cells into the plasma, where they make the mechanisms involved in the killing of microorganisms are not specific to this activity [5, 15, 21] . We found increased up 25% of the HNP molecules [10] .
We compared the concentrations of HNPs 1 -3 in plasma concentrations of HNPs 1 -3 in the bronchoalveolar lavage fluid specimens from patients with ARDS and diffuse panbronand blood samples from patients who had one of three types of infection with the concentrations in controls. The respective chiolitis. HNPs 1 -3 may be the chemical substances that cause tissue destruction in such neutrophil-mediated inflammatory concentrations of plasma HNPs 1 -3 at the onset of bacterial infection, nonbacterial infection, and pulmonary tuberculosis diseases, with actions similar to those of neutrophil oxidants and proteinases. Further investigation of the role of HNPs were 4.2, 3.2, and 1.8 times the mean value for the controls. We also showed that the elevated plasma concentrations at the 1 -3 is needed to gain a better understanding of the physiological function of neutrophils in the host defense system, as well onset of infection returned to the normal range after recovery. Our findings are similar to those reported by Panyutich et al. as the pathophysiological implications of these peptides with respect to neutrophil-mediated tissue injury. [19] , who showed that the mean plasma concentration ({ SE) of HNPs 1 -3 was 29,800 { 23,600 pg/mL at the onset of sepsis for seven patients and 660 { 80 pg/mL for 10 patients trophils.
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